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The rapid hydrolysis and efficient absorption of 
triglycerides with octanoic acid in the 1 and 3 positions 
and long-chain fatty acid in the 2 position 1 - 2 

Ronald J Jandacek, PhD, James A Whiteside, BS. Burris N Holcombe. 
Robert A Volpenhein. and John D Taulbee, PhD 

ABSTRACT We describe rapid hydrolysis of triglycerides with medium-chain fatty acids in the 
I and 3 position* and < long-chain fatty acid in the 2 position. The triglycerides. 2-Unoleoyl-t.J- 
dioctanoyl glycerol (8L8) and 2-oleoyl-l,J-dioaanoyl glycerol, hydrolyzed more rapidly than tri- 
glycerides comprising all long-chain fatty acids. The in vitro hydrolysis rate of 8LS was similar to 

recovery of ,4 C 4S min after injection into the isolated, irrigated loop of the small intestine of an 
anesthetized rat. the amount of 2-f l-"qUnoleoyl- 1,3-dioctanoyl glycerol absorbed was > 2V> times 
that of its long-chain analog, 2-[ I -"CJlinoleoyl- 1 ,3-dioleoyl glycerol. These data support the ease of 
hydrolysis and absorption of 1,3-dioctanoyl triglycerides with long-chain fatty acids in the 2 posi- 
tion. AmJCtinNulr 1987;45:940-5. 
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Introduction 

The use of medium-chain triglycerides 
(MCT) of octanoic and decanoic fatty acids to 
provide a dense form of calories and the he- 
donic benefit of fat in patients with pancreatic 
insufficiency and other malabsorption prob- 
lems is well documented (1, 2) and common 
practice. The ease of hydrolysis of MCT by 
pancreatic lipase and other esterases results in 
essentially complete absorption of these fats 
in cases in which long-chain triglycerides 
would be poorly absorbed and would produce 
steatorrhea. MCT fats do not, however, pro- 
vide essential fatty acids (EFA), and the de- 
velopment of EFA deficiency in pancreatic in- 
sufficiency can occur during a dietary regimen 
that includes MCT (3). 

We report here a preliminary investigation 
of the hydrolysis and absorption of 1,3- 
dioctanoyl triglycerides that can provide EFA 
in a form that provides the hydrolysis and ab- 
sorption advantages of MCT. Pancreatic lipase 
specifically hydrolyzes the 1 and 3 positions 
of triglycerides to produce the free fatty acids 
from these positions and the 2-monoglyceride 
(4). If all fatty acids of the triglyceride are 
longer than decanoic acid, the fatty acid and 



monoglyceride products of hydrolysis form 
mixed micelles with bile salts and are absorbed 
by the mucosal membrane as fatty acids and 
2-monoglyceride (4). The 2-monoglyceride is 
a well-absorbed form of most fatty acids since 
it readily forms mixed micelles with bile acids 
and since it cannot form insoluble soaps with 
divalent cations. We present data to show that 
the hydrolysis of octanoic acid from the 1 and 
3 positions of a triglyceride and the subsequent 
absorption of the resulting monoglycerides are 
rapid in an animal model of pancreatic insuf- 
ficiency. 

Materials and methods 

Materials 

The 1,3-dioctanoyl and 1 ,3-diacetyl triglycerides were 

troleum cthenethyl etheracetie acid, 90: 10:1) by methods 
described previously (5). Triacetin (bp 152-154'C; Kodak. 
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ter, NY), medium-chain triglyceride (67% octanoic 
acid, 23% decanoic acid, 10% other Tatty acids; Mead 
Johnson, Evansville, IN), soybean oil (Crisco, Procter & 
Gamble. Cincinnati, OH), sunflower oil (Natural Sales, 
Pittsburgh, PA), and randomly mixed long- and medium- 
chain triglycerides (Captex 810 series; Capital City Prod- 
ucts, Columbus, OH) t 



appropriate acyl chlorides as described previously (5) and 
isolated by column chromatography (S). 

The Captex series of oils are triglycerides that are syn- 
thesized from mixtures of various ratios of long- and 
medium-chain fatty acids to form random structures. The 
fatty acid compositions of these oils are shown in 
Table 1. 

The "C labeled materials were synthesized with [I,- 

Boston, MA) (5). Densfo 
chromatography (TLQ pi 
ethenaceticacid, 140:50:2) sr 
at least 99% triglyceride. 



of the "C to reside in the triglyceride n _ 
of these materials and of their i2 C analogs were confirmed 
by lipase digestion and isolation of the i 
moooglyceride and fatty acid (6). Fatty acid 
i the glyceride positions was determined by gas- 



tained from a rat with a 



la (8). The 
sd per liter 3.9 g CaCfe ■ ZH&, 
58.9 g NaCl, and 0.3 g histidine HQ and was adjusted to 
pH 9.0. Fifty-five mL of this medium, I mL of substrate 
oil, and 0.1 mL of bile-pancreatic fluid were added to a 
500 mL roundbottom flask. The contents were stirred with 
a motor-driven propeller stirrer at a rate that maximized 
the rate of hydrolysis in this system. The electrode- 
measured pH was maintained at 8.9-9.0 with the addition 
of 0. 1 N KOH. A drop of substrate was added each minute 
to ensure that the reaction was not substrate limited. Tri- 
acetin was initially added at a volume of 3.5 mL and the 
additions were 1 mL. 

The comparison of the rates of hydrolysis of 8L8, MCT, 
sunflower oil, and the Captex series of tats was made with 



TABLE 2 

Analysis of fatty acids in 8L8, 8L.8, and OL.O and in 
the products resulting from lipase digestion (fatty acids 
from the 1 and 3 positions and J-monoglycerides)' 



8L8 


65 (67) 


0(0) 


35 (33) 


8L.8 


65 (67) 


0(0) 


35(33) 


OL.O 


0(0) 


67(67)f 


33(33) 


8L8 


2-Mono 
0(0) 


glycerides 


100(100) 


8L-8 


0(0) 




100(100) 


OL.O 


0(0) 




97(100) 


8L8 


Fan 
100(100) 


yacid 


0(0) 


8L.8 


97(100) 




M0) 


OL.O 




100(100)t 


0(0) 



* 8L8 and 8L.8 are 2-linoleoyl- 1.3-dioctanoyl glycerol 



fatty acid methyl esters (7) of the triglyceride starting n 
terial and of the hydrolysis products. Greater than 95% of 
the radioactivity was found in the monoglycende region 
of the TLC plates. The tatty acid analyses are shown in 
TaMt 2. 

In vitro hydrolysis rales 

Initial screening of six fats of vs 



(steapsin; ICN Pharmaceuticals, Plainview, NY), the 



with the exception that the concentration of CaCl 2 • 2H,0 
was 3.2 g/L Seventy mL of this medium, 2 mg of oleic 
acid, and the substrate (0.25-4.0 mL) were added to a 
roundbottom flask (three port) and then emulsified by 
vigorous shaking with a wrist-action shaker for 10 min. 
The flask was then fitted with pH electrode, titrant delivery 
tube, and propeller stirrer. The reaction was initiated by 
delivery of 7 .5 mg of enzyme (in 0.5 mL of digestion me- 
dium) into the stirred emulsion. The pH was maintained 
at 9.0 by the addition of 0.1 N KOH delivered with a 
Metrohm pH stat and titrator system (Brinkmann Instni- 
s Westbury. NYX The linear portion of the plot of 
"' e during the first 1-4 min of the reaction 
was useo to aetermine the rate of fatty acid pi ' " 
minute for each fat 

Statistical analysis of hydrolysis data 

The linearity of the curves from the initial sc 




810A 
810B 
8 IOC 
8I0D 



regression through the origin allowing for a different slope 
for each fat. 

The hydrolysis rates of 8 US, MCT, sunflower oil, and 
the Captex series (Figs 2 and 3) were analyzed by one-way 
analysis of variance (ANOVA) comparing the maximum 
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FIG I . Fatty acid production (in terms of KOH 
structure hydrolyzed by rat pancreatic enzymes. T.„__ 
I .3-dioctanoyl glycerol; +, uihcptanoin; O, medium-chain 
glycerol; and V, triacetin. 



rates for each Tat. Two methods for the determination of 
the maximum rates were found to yield the some results 
in the ANOVA. These methods were /) the values of the 
rates at the two highest levels or triglyceride substrate for 
each fat and 2) the asymptotic value A estimated from the 
model, rate -All -e""], where t is the triglyceride volume 
and k is the estimated shape parameter. This model was 
found to fit the data well with # values > 0.95 for eacb 
of the seven fats. 



omy the small intestine was Iigated ~20 mm distal t< 
common duct The small intestine was then irrigated b 
the ligation with 50 mL of 0.85% saline introduced by 
syringe to reduce residual enzyme activity. The small in- 
testine then was Iigated a second time 20 mm proximal 
to the cecum. Two mL of an emulsion containing 2-{l- 
"qiinoleoyl-l,3-dioctanoyl glycerol (8U8) or 2-{l- 
l4 Cllinoleoyl-l,3-dioleoyl glycerol (0L«O) with total ra- 
dioactivity of ~ 100 OOOcpm was then injected by syringe 
just below the proximal ligature. This emulsion was pre- 
pared with 0.2 g triglyceride, 0.02 g egg lecithin, 0.3 mL 



tin pH) of triglycerides of various chain length and 
are designated by the following symbols: A, 2-oleoyl- 
— (MCT); x, iridecanoin; 0, 2-cleoyl-l,3-diaeetyl 



of 1% bovine serum albumin, and 1.48 mL Krebs Ringer 
solution (pH 7.4), which was sonicated for 30 s with a 
Heat System-Ultrasonics Inc processor (Plainview, NY). 
The emulsion dose delivered —30 mg of triglyceride to ' 



rinse was extracted twice with pet ether ethyl ether 
(50:50), water washed, dried with sodium sulfate, and 
concentrated for analysis. Aliquots of the contents were 
taken for scintillation counting to determine the fraction 
of the dose remaining in the small intestine. The extent 
of hydrolysis of the intestinal fat was determined by the 
n of '*C on a TLC plate after dution with pe- 



:d as the fraction of total activity on the plate. 



In vitro lipase digestions 

A comparison of the rates of hydrolysis of 
triglycerides representative of short-chain, 
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medium-chain, and long-chain fatty acids by 
rat pancreatic enzymes is shown in Figure 1. 
The rates of the medium-chain fatty acids 
(MCT, triheptanoin) were higher than the 
long-chain (soybean oil) and very-short-chain 
(triacetin) fatty acids. Moreover, the rate re- 
mained high when the medium-chain fatty 
acids occupied the 1 and 3 positions of the 
triglyceride and the 2 position was esterified 
with a long-chain, oleic acid. The rate of hy- 
drolysis of each fat differed from that of each 
of the other fats in this analysis (p < 0.05). 

We also compared the rates of hydrolysis 
by steapsin of 8L8, MCT, sunflower oil, and 
a series of triglycerides containing medium- 
and long-chain fatty acids that were random 
in structure (Captex series). In each case the 
mass of the fat was increased to provide the 
maximum interfacial areas and the resultant 
maximum rate that could be obtained with 
the invariant conditions of mixing, emulsion 
preparation, and enzyme concentration. The 
graphs of rate vs substrate mass are shown in 
Figures 2 and 3. These results again < 



strated the rapid hydrolysis of the medium- 
chain fatty acids. The rate of hydrolysis of 
the Captex series increased with increasing 
amount of medium-chain fatty acid. A com- 
parison of the maximum rates of hydrolysis 
of the fats in Figures 2 and 3 showed that MCT 
and 8L8 were not different and Captex 8 10C 
and 8 10D were also not different (p > 0.05). 
All other comparisons yielded statistically sig- 
nificant differences (p < 0.05). 



Isolated loop studies 

The studies of 8L»8 and OL»0 injected into 
irrigated, isolated intestinal loops showed 8L*8 
to be significantly more hydrolyzed and ab- 
sorbed than 0L*O. Measurements were ob- 
tained from the ,4 C remaining in the intestinal 
contents 45 min after injection. 

Absorption calculated as percent of l4 C dose 
was 44,9 ± 2.8 for 8L.8 and 16.8 ± 4.7 for 
OL*0 (mean ± SEM, n = 10, p < 0.05). The 
percent unhydrolyzed triglyceride was calcu- 
lated from thin-layer chromatographic anal- 




ysis of the lipid radioactivity to be 1 1 . 1 ± 3.7 
for 8L*8 and 48.3 ± 2.5 for OL*0 (mean 
± SEM, n = 10, p < 0.05). 



Discussion 

Randomly esterificd triglycerides of medium- 
and long-chain fatty acids have shown promise 
both in parenteral (10-12) and oral nutrition 
( 1 3). The data we have presented help to de- 
scribe events in the intestinal lumen that apply 
to the oral use of these triglycerides. 
. The rate of hydrolysis of triglycerides with 
medium-chain fatty acids as the lipase- 
hydrolyzed esters in the 1 and 3 positions by 
rat pancreatic lipase is faster than that of typ- 
ical long-chain fatty acid triglycerides (Figs I 
and 2). The 1,3-dioctanoyl fats may be syn- 
thesized to provide the most desirable features 
of medium- and long-chain fatty acids for use 
as nutrients in cases of pancreatic insuffi- 
ciency. Ease of hydrolysis and absorption of 



the medium-chain fatty acids can be combined 
with delivery of EFA as the well-absorbed 2- 
monoglyceride. 

The Captex series of random triglycerides 
hydrolyzed more rapidly as the fraction of their 
fatty acid cor tent made up by octanoic and 
decanoic acids increased (Fig 3). The maxi- 
mum rate of hydrolysis of these random struc- 
tures with fatty acid compositions comparable 
to that of 8L8 (Captex 8 10C and 810D, 0.5 
MEq/min) was -60% of that of the 8L8 (0.88 
/tE/min; Figs 2 and 3). A high level of digestion 
and absorption of Captex 81 0B and 81 0D was 
demonstrated in cystic fibrosis patients with 
pancreatic insufficiency (13). These random 
triglycerides presumably include 10-15 mol% 
as 8L8. From its higher rate of hydrolysis, 8L8 
may be the optimum form for linoleic acid 
absorption in pancreatic insufficiency. 

The absorption of the products of hydrolysis 
of 8L8 presumably follows the normal routes 
of absorption — octanoic acid via portal vein 
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and 2-linoleoyl glycerol via the lymphatic 
route. In this manner such a fat could provide 
> 50% of fat calories as long-chain fatty acid 
that will be absorbed efficiently even in cases 
of pancreatic insufficiency. Any portion of the 
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